Abstract. As the stage of bioinformatics has been upgraded, classification of certain pathogen has been improved into a new manner. The main topic of this research is genetic singularity of HCV (Hepatitis C Virus) and our objective is to assay features of the HCV's amino acid under usage of Support Vector Machine (SVM) algorithm. HCV data used in our experiment has 10 kinds of sequences and 257 kinds of data. According to data analysis, some peculiar genetic patterns of HCV's linearity that discord pre-existing neural network and C5.0 were found.
I. Introduction
Hepatitis C Virus (HCV) belongs to the genus of Hepacivirus and is a member of Flaviviridae Family. It is known to be the major cause of worldwide liver disease such as liver cirrhosis and liver cancer. In order to progress the research and treatment of Hepatitis C, it is important to analyze the genetic information of HCV. Among the type of HCV's information, we manage to progress the full-fledged research about the HCV's amino acid pattern. There have been various research about HCV which mainly used Neural Network (NN). In our research, though, we will analyze HCV's pattern by using Support Vector Method (SVM). Our goal is to discover rules that are different from previous research results by observing patterns, and reassure linear tendencies of HCV. In addition, we will verify the results of some algorithms and compare them in our research.
II. Related Research
Hepatitis C virus has a single-stranded RNA genome. The genome consists of a single open reading frame that is 9600 nucleotide bases long.
[1] At the 5' and 3' ends of the RNA are the UTR, that are not translated into proteins but are important to translation and replication of the viral RNA. The 5' UTR has a ribosome binding site. [2] (IRES -Internal ribosome entry site). The core domain of the hepatitis C virus (HCV) IRES contains a four-way helical junction that is integrated within a predicted pseudoknot. [3] The conformation of this core domain constrains the open reading frame's orientation for positioning on the 40S ribosomal subunit. The large pre-protein is later cut by cellular and viral proteases into the 10 smaller proteins that allow viral replication within the host cell, or assemble into the mature viral particles. [4] Structural proteins made by the hepatitis C virus include Core protein, E1 and E2; nonstructural proteins include NS2, NS3, NS4, NS4A, NS4B, NS5, NS5A, and NS5B. was found to be necessary for efficient cleavage of NS5A [5] .
As mentioned in abstract, our main method of HCV amino acid cleavage analysis is Support Vector Machine (SVM). The basic SVM takes a set of input data and predicts, for each given input, which of two possible classes forms the output, making it a non-probabilistic binary linear classifier. [6] [7] SVM training algorithm builds a model that assigns new examples into one category or the other. By using the accumulated data given by previous instance, the training of the data take place, making the program predict the outcome closer to the exact figure.
Input data is a representation of examples as points in space, and SVM model maps the categorization so that the examples of the categories are divided by a definite gap that is as wide as possible [6] . For new examples, once they are mapped into the 'space,' experimenter can predict which side the example would be categorized. This can be materialized when the input data is formed in linear shape [6] .
In case when the data is not categorized in linear form, SVMs can efficiently perform a nonlinear classification by mapping their inputs into high-dimensional space (so-called 'kernel trick' [8] [9] ) to maximize margin hyperplanes [10] . In this mechanism, the space's dimension is added, and new categorization standard is set on this 'new-dimensional space'. In addition, SVM can perform this mechanism on random n-dimension space. [6] 
III. Research
In an attempt to analyze the attribute the properties of HCV, we sorted out the results of the virus and indexed with either positive (+) or negative (-) outcome. The HCV's data was referred to the research of Ajit Narayanan, Xikun Wu and Z. Rong Yang, in the paper 'Mining viral protease data to extract cleavage knowledge'. [11] There were 210 positive data out of 257 and others were negative. Our main method of examination in SVM was 10-fold cross validation, and 21 positive data along with 5 negative data was randomly picked out and tested. Meanwhile, the rest of the data was in training session of SVM. This process has been done 10 times.
After the data was sorted, 26 positive and negative data was analyzed by the following four methods of SVM: polynomial, RBF (Radial Basis Function), sigmoid, and normal (linear form). Certain figures such as accuracy, precision, and recall were calculated whether the group of positive and negative outcomes could be separated by 4 shapes. The objective of this research is to find out whether HCV has linear or nonlinear attribute by comparing outcomes that came out from four different methods.
As mentioned, the main figures of our research are accuracy, precision, and recall. Accuracy is a widely-used index that shows how the boundary between positive and negative clearly separates between the two. Precision and recall, which are relatively treated as stochastic figure, are most commonly used by information retrieval theorists and practitioners. [12] They can also be used to measure the effectiveness of a classifier. [13] In this research, where data of HCV are sorted either in positive (+) or negative (-), precision and recall of classification can be defined as follows:
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Where ∥ A ∥ refers to the cardinality of specific class A. R is a set of objects that belong to the specific class and A is the set of objects belonging to the class. [13] When every set of training and data mining takes place, the training set the frame of predicting the future outcome which is either positive or negative. The efficiency of training and its prediction can be identified by three figures  (accuracy, precision, recall) .
After the examination took place, the value of outcome was as following: Generally, due to higher dimension of classification in nonlinear methods, they appear to be comparatively higher in efficiency expressed by accuracy, precision, and recall. Yet, in this research, efficiencies of linear and nonlinear methods didn't show big difference. This result can be interpreted as that HCV has linear attribute on coordinates.
Next, we considered the number of support vector needed to form four shapes. Support vector is a set of points that are closest to the hyperplane formed by SVM. According to Table 2 , the number of support vector needed was appeared to be comparatively high on linear methods and low on nonlinear methods. This second result strengthens the inference that HCV has linear attribute.
IV. Conclusion
In this research, we analyzed the positive/negative outcome of HCV according to the data of virus using 4 methods with SVM. By comparing the results (accuracy, precision, recall) of analysis, we could conclude whether HCV has linear or nonlinear attribute.
According to the analysis of 40 different outcomes, the value of accuracy along with precision, recall was appeared not to break the similarity with that of normal method which is linear. Moreover, the number of Support Vector (SV) needed to form the hyperplane in SVM was appeared to be high in normal linear method, and conversely low in nonlinear forms. From this result, we could conclude that HCV has comparatively linear attribute. By using SVM with training process in classification for HCV, the virus's outcome along with its attribute could be predicted.
The main significance of this research is that it showed the potential that certain virus's behavior can be analyzed, and predicted by SVM and its training process. Furthermore, this research could discover the encouraging fact that HCV's behavior is well-predictable because of its linearity. By finding the vector(line-shaped which can be more easily found) that distinguish the group of positive and negative outcome, the pattern of HCV's behavior can be concretely analyzed, and its therapeutic research would be highly boosted.
Nevertheless, there are several limitations and future tasks of this research. Primarily, the number of experiment is 10, which does not guarantee the consistency of the experiment, and this should be improved henceforth by increasing the number of experiment up to 100 times. Second, the training of the data relies on only the given data, making the figures of the SVM to overfit. This limitation should also be improved by increasing the number of data mining along with training process. 
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